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RESEARCH MEMORANDUM

THE USE OF A LEADING-EDGE AREA-SUCTION FLAP TO DELAY
SEPARATION OF ATR FLOW FROM THE LEADING
EDGE OF A 35° SWEPTBACK WING

By Curt A. Holzhauser and Robert K. Martin
SUMMARY

An investigation was conducted on a 35° swept-wing model to deter-
mine the aerodynemic characteristics and suctlon requirements of a model
having a leading~edge ares-suction flap deflected 40°. These character-
istics and suction reguirements were compared with those reported in
NACA RM AS53E06 for the same model having leading-edge ares suction (area
suction applied to the unflaspped leading edge). The aerodynamic charac-
teristics (including pressure distributions) and suction requirements of
the leading-edge area-suction flep were measured throughout a large angle-
of-attack range for several extents snd locations of the porous ares nesr
the highly curved surface formed when the leading-edge flap was deflected.
The majority of the tests were made with a hoo, full-span, leading-edge,
area-suction flap used in conjunction with a 55° trailing-edge area-
suction flap. Tests were also run with an undeflected trailing-edge
Tlap snd with partiel-span area suction on a full-spesn and on a pertlial-
gpan leading-edge flap. The aerodynemic characteristics and suction
requirements were measured for free-streem velocities varying from 112
to 166 feet per second.

Comparison of the resulis of the present investigation with those
obtained for leading-edge area suction showed that comparsble delays in
alr-flow separation from the leading edge of the wing were obtained with
the LO® leading~edge area-suction fl=sp, and that the power required for
a given lifi coefficient was only about one-tenth of that requlred for
leading-edge area suctlion. This large reduction in power resulted from
the lower flow coefficients and less negative suction pressure coeffi-
clents, each being about one~third of those required for leading-edge
areg suction.

It was found that air-filow separatlion from the leading edge of the
wing was delayed with a full-span, leading-edge, area-suction flap (40°)
from an angle of attack of 13° to 250'(from a 1ift coefficient of 1.60
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to 2.27 when used with a 55° trailing-edge area-suction flap) by using a .
flow coefficient of 0.0006 and 23 horsepower (including duct and pump .
losses) at a free-gtream velocity of 149 feet per second. The alr-flow
separation could be delayed t6 29° angle of attack by approximately
doubling the flow coefficient and suction pressure coefficient. It was
found that the flow coefficient and plenum-chamber pressure coefficient
were not affected by free-stream velocity, and, therefore, the suction
power required for a given 1ift coefficient varied approximstely with the
cube of the free-gtresm velocity within the range tested.

Deflecting the leading-edge flap did not affect the 1lift increment
provided by the trailling-edge area-suction flap. However, the suction
requirements of the leading-edge flap for a given 1lift coefficient were )
reduced by deflecting the tralling-edge flap. —

No large improvements in the pltching-moment characteristics at the
meximum 1ift coefficient were obtained by applyling pertiel-span area
suction to the full-spen or partiel-span leading-edge flap. However, a
large reduction in the maximm 1ift coefficlent was Incurred by spplyling
partial-spen suction rather than full-span suction.

INTRODUCTION . -

The current trend in the design of high-speed alrcraft toward
larger sweep angles and thimner airfoill sectlions makes 1t increasingly
difficult to attain a high 1ift coefficilent without alr-flow separation,
This alr-flow separation frequently cccurs from the leadlng edge of the
wing at a relatively low angle of attack, and, as a consequence, the air-
plane can have undesirable piltching-moment characteristics, a reduced
maximum 1ift coefficlent, and increased drag at the higher 1ift coef-
ficients. Alr-flow separstlon from the leading edge has been effectively
delayed to higher angles of attack by controlling the boundary layer with
the application of areas suctlon near the leading edge of the wing oL
(refe. 1 to 5). The pumping power required for epplications of this
method to an airplene was considered to be high, primarily because of
the high negative surface pressure coefficients near the leading edge of
the wing. .

Alr-flow separation from the leading edge of a wing can also be
delayed by deflecting & plain leading-edge flap (refs. 6 and 7). How-
ever, in order to delay the leading-edge flow separation to as high an
angle of attack as wilth leading-edge area suction, the flap deflection o
would be so large that the flow would separate initially from the highly
curved upper surface formed by the deflected flap (this curved surfsce . :
is hereinafter referred to as the "knee"). In view of the results
obtalned with the NACA trailing-~edge area-suction flap (ref. 1), it was
reasoned that alr-flow separation from the knee of & highly deflected *

WRR
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leading-edge flap could be delayed by applylng srea suction at the knee,
Further, the externeal pressure coefficients at the knee of the deflected
leading-edge flap would be much less negative than at the leading edge
of the plain wing (i.e., the undeflected leading-edge flap) st the same
aengle of attack (ref. 6 or T), and, consequently, less power should be
required. '

Because of the reductions in power 1lndicated to be posaible, an
investigation was undertaken in the Ames 40~ by 80-foot wind tunnel to
obtain the aerodynsmic .cheracteristics snd suction requirements of a
model having a leading-edge area-suction flap in order to make a com-
parison with those of a model having leasding-edge area suction. In
order thet a direct comparison of the two applications of area suction
could be made, the 35° swept-wing model tested in references 1 and 2
was used. The present investigaetion was made with a deflected traliling-
edge flep (the NACA trailing-edge area-suction flap (55°) discussed in
ref. 1) and an undeflected tralling-edge flap. A limited study was also
made to ascertain the changes in the pitching moment near the maximum
1ift coefficient that resulted from using only partial-span suctlon on
the leading-edge flsap.

NOTATION
a fuselage station measured from the nose, £t
b wing spen, ft
c chord, measured parallel to the plane of symmetry, ft
= 2 b/a 2
c mean aerodynamic chord, Ex/p c“dy, £t
o]
Cp drag coefficient, %ég-
cy section 1ift coefficient, %~ P dx cos o —-% P dz ein «
1ift
Cy, 1ift coefficlent, ji;?
Cm pitching-moment coefficlent referred to guarter-chord point of
mean aerodynamic chord, pitching moment
qS¢c
Q
CQ flow coefficient, oS
Po free-stream static pressure, lb/sq £t
Pz locel static pressure, lb/sq 't

- - ________J
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P alrfoll pressure coefficient, E%i?g
Pg average duct pressure coefficient, p%;?o K
Pp plenum~-chamber pressure coefficient, 2%5?9
90 free-stream dynamlc pressure, 1b/sq ft
Q volume of air removed through porous surfade, cu ft/sec, based
on standard denslty at sea level
8 wing area, sq £t o
t thickness of porous material, in.
Uo free~stream velocity, fps - ) -
w suction elr velocity, fps o
g assumed wing losding of sirplane, 1b/sq ft
p 4 chordwise distance parallel to plane of symmetry, £t )
Yy spanwise distence perpendiculaer to plane of symmetry, ft =
z distance perpendicular to chord of airfoll, ft
a angle of attack referred to fuselage center line, deg
3 flap deflection, deg o . Cee =
Ap pregsure drop across porous materiael, lb/sq 't
Subscripts -
F trailing-edge flap . _ _ - LoD
N leading-edge flap = . _ _ - . . o .
erit critical
MODEL AND APPARATUS

A generel view and the geometric characteristics of the model are

shown in figures 1 and 2, respectively. Except for the leading-edge and +
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trailing-edge flaps, the model was the same as that tested in refer-

ences 1 and 2. The wing panels were from an F-86A sirplane, having 35°

of sweep at the quarter-chord line, an aspect ratlio of k,785, and a

taper ratio of 0.513. The wing root and tip airfoil sections perpendic-
ular to the quarter-chord line were modified NACA 0012-64 and 0011-6L,
respectively. The coordinates for these sections sre given In reference 2.
Flush orifices were located on the upper and lower surfaces of the wing
and flaps st 0.25-, 0.45-, 0.65-, and 0.85-semispan stations to obtain

the chordwise pressure distributions. Chordwise locstions of the pres-
sure orifices are given in table T, :

The horizontal tail was slso from an F-86A airplane and was mounted
in the same position relative to the wing as it was on the airplane.
The fuselage was of clrcular croes section and housed the pumping equip-
ment used for area suctilon.

Leading-Edge Flap

The original wing structure ahead ¢of the front spar was replaced
with a new structure to allow the deflection of & leading-edge flap with
ducting. The forward portion of the wlng was hinged on the lower surface
along the ll-percent-chord line measured perpendicular to the guarter-
chord line. Thus, the forward portion of the wing could be deflected
to the desired angle and held in place by an insert. Three inserts were
employed in the present test. These inserts enabled testing of the plain
wing (undeflected flap), a 30° deflection with no porous area, and a 40O
deflection with and without porous areas. Details of the 40OC leading-
edge flap and the ducts are shown In figure 3.

For the purpose of locating the position of the porous opening on
the L0O° flap, a reference line was located on the upper surface of the
wing at the midpoint of the cilrcular arc. The beginning of this circular
arc was tangent to the upper surface of the wing and, consequently,
began 8° forward of the projection of the hinge line (fig. 3). The ref-
erence line is approximately the T-percent-chord llne in the plan view
with the flap deflected. This reference line was chosen becsuse the
location of the peak negeative pressure was expected to be near it, and,
hence, the openings could be conveniently measured. The forward and
rearwvard edges of the metal mesh surface were, respectively, 2 percent
of the chord shead snd 5 percent behind the reference llne. The porous
material on the 40° nose flap consisted of metal mesh backed by hard wool
felt. The metal mesh was 0.008-inch thick with a raetio of open area to
total area of 0.1l and with L4225 holes per square inch. The felt backing
was tapered to provide the desired pressure~drop characterlstics and so
reduce the total quantity of air flow, as explalned 1n reference 2.
Figure 4 shows the thicknees varilation of the felt which was based on
preliminery pressure distributions obtalned with the nose flsp
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deflected 40° and with no porous area. Figure 5 shows the suction air
velocity for a given pressure drop for a 1/2-inch thickness of the felt.
For a glven velocity of flow, the required pressure drop varled directly
with the thiclmess. The position and extent of porous surface were . |
varied both chordwise and spanwlse by covering part or all of the surface
with nonporous plastic tape. The various full-span configurations

tested are listed inm table II. Co ) o

In addition to the full-span nose flap, tests were made of & partisl-
span nose flap. This configuration consisted of a 40C deflection of the
flap from the wing tip inboard to 0.53 semispan, and 0° deflection from
this point into the fuselsge. This flep was tested with the porous area
completely sealed and also with ‘porous area configuration 1 (teble II}
on the deflected part.

Tralling-Edge Flap

The 55° trailing-edge area-suction flap had a constant chord,
extended from 0.14% to 0.50 semispan, and had a porous area at the knee,
The same flap was tested in reference 1. The porous area consisted of
the same metal mesh as that used on the nose flap, backed by 1/16 inch
goft wool felt. The flow characteristics of a 1/2 Inch-thick sample of
this felt are shown in figure 5. The réference line on the trailing-edge
flap was the proJectlon of the flap hinge line on the upper surface
(fig. 3). An undeflected flap was simulated by removing the flap and
completing the wing contour with a metal Iinsert. Detail photogrephs of
the leading-edge and tralling-edge flaps are given in figure 6.

Suction Apparatus

The suctlon systems for the leading-edge asnd tralling-edge flaps
were similar but independent of each other. The alr was drawn through
the porous surfaces into the ducts and thence to the two separate
plenum chambers in the fuselage. Centrifugal compressors driven by
variable-speed electric motors located in the plemm chambers exhausted
the alr to the free stream through ducts located under the fuselage.

The alr-flow retes were determined at each exit from measurements made
with total- and static-pressure tubes and thermocouples. Plenum-chamber
end duct pressures were measured with static-pressure orifices and could
be assumed to be equsl fo total pressures since the velocities of the
alr in the ducts and plenum chambers were low. The power required by
each of the compressors was determined from the measurement of the power
input and efficiency for each of the electric motors.
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TESTS AND PROCEDURE

Tests

Three-component force data were obtelned for all configurations
listed 1n table ITI for a large angle-of-attack range for free-stream
velocities varying from 112 to 166 feet per second (corresponding
Reynolds numbers of 5.8x10% to 8.7x10S8).

External-surface pressure distributions over the wing and flap were
cbserved and recorded for all configurations tested.

The suctlon requirements — flow coefficlent, plenum-chamber pres-
sure coefficient, and messured suctlon power (power input to the com-
pressor) — were measured for the leading-edge and trailing-edge area-
suction flegps. To abtain these suction requirements for a fighter
airplane similar to the F-86A without interpolation and accompanying
agsumptions, data were measured at free-stream velocities varying with
engle of attack. These velocities corresponded to those encountered by
an airplane having wing loadings of 40 and 60 pounds per square foot.
The pressures In the ducts were also measured, and the average values
of the pressure coefficlents for the nose flap are given in table IV.
The difference between the duct and plenum~chamber pressure coefficlents
for the tralling-edge flap was small, and, therefore, the values of
duct-pressure coefficlent are not given, The velocltles 1n the ducts
end plenum chembers were low; therefore, the statlc pressures in the
ducts and plenum chsmbers cen be assumed to be equal to the total pres-
sures., These pressures were used to obtain the pump and duct losses
given in teble IV.

Test Procedure

In the initial tests of the leading-
edge area-suction flap, 1t was found that as
suction was increased, the 1ift coefflcient
first increased rapidly and then very CQc
slowly. The accompanying sketch shows a rit
typical variatlon of 1ift coefficient with
flow coefficlent. Observatlions of the
chordwise pressure distributions indicated
that the air-flow separation from the for- c
ward portion of the wing was eliminsated L
when the 1ift coefflcient ceased increas-
ing repidly. The flow coefficilent cor-
responding to this conditlion will hence-
forth be referred to as the critical flow
coefficient, chrit' In this investigation, Cq
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attention will be directed toward CQ.,.it &nd the corresponding 11f%t
coefficient because the addltional small increases in 1ift coeffilcient
that could be obtained above C rit were not considered to be of
practical importance. Similaer cobservaitions were made for the NACA
trailing-edge area-suction flap used in this investigation and in
reference 1.

e

The test procedure followed was to vary the flow coefficient for
the leading-edge area-suction flap while the flow coefficlent for the
trailing-edge area-suction flap was meintained asbove C rite FoOr each
value of flow coefficient, the 1ift, drag, pitching moment, and the duct
and plenum-chamber pressures were measured, Suctlon requirements for
the trailing-edge area-suction flep were obtained in a similar menner.
This procedure was followed for each configuration tested for each angle
of attack and free-stream velocity for which the data were desired. The
value of CQerit Was then determined from enalysis of the force and
pressure datea. ' '

It was found that below 25° angle of attack the variation of lift
coefficient with flow coefficient for the nose flap could be obtalned N
either by decreasing the flow coefficlent from above chrit or by -
increasing the flow coefficient from zero. However, &t higher angles of L
attack, 1t was not possible. to reattach the flow over the wing without
reducling the angle of attack to about 24°, Therefore, to obtain suction -
reguirements at these high angles of attack 1t was necessary tc begin
with unseparated flow and then to reduce the flow coefficient. In con-
trast, the varistion of 1ift coefficient with flow ccefflcient for the
tralling-edge flap could be obtained throughout the angle-of-attack
range by decreasing the flow coefficient from above CQ..j¢ ©Or by
increasing the flow coefficient from zero. '

The three-component force data up to the maximum 11ft coefficlent,
Clmaxs Presented in this report are for the flow conditions existlng on
the wing when the flow coefficients for the leading-edge and/or trailing-
edge area-suctlon flaps were at or slightly above chrit' Beyond Clymex

the force data are presented &t Cchit for Clpaxe
CORRECTICHNS

The standard tunnel-wall correctlons for a stralght wing of the
same ares and span as the sweptback wing were applied to engle-of-attack
and drag coefflcient data. This procedure was followed since an ansalysils
indicated that tunnel-wall corrections were approximetfely the same for
straight and swept wings of the slze under considerstion. The Ilncrements
that were added to the datsa are as follows: '
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Ao = 0.61 Cr,
ACp = 0.0107 Cf2
ACy = 0.008 Cy,

No corrections were made for the drag of the exposed portion of the
strut and its interference with the wing. Limited aveileble data indi-
cate this drag to vary from a drag coefficient of about 0.004 at O 1lift
coefficient to O at 30° angle of attack.

A1l values of flow coefficient and measured suction horsepower
were corrected for leakage resulting from construction and Junctures.
A1l flow coefficients were corrected to standard sea-level conditions.
The effect of the thrust of the exhausting Jets on the serodynamic
characteristice was negligible,

RESULTS AND DISCUSSION

Full-Span Leading-Edge Flap With 55° Trailing-Rdge
Area-Suctlion Flsp

Force characteristics.- Thé aerodynamic characteristics for the 35°
swept-wing model with different full-epan leadling-edge flaps are pre-
gented In figure T. Included for comparatlve purposes are data for the
game model, but with full-span leading-edge area suction (area suction
epplied to the leading edge of the plaln wing, ref. 1). The data shown
In figure T are for the model with a 55° trailing-edge ares-suction
flep. It was found that on this 35° swept wing, the spanwise progression
of alr-flow separation was so rapid that, for practlical purposes, the
maximum 1ift coeffiecient, C s 18 indicative of the initial occurrence
of air-flow seperation from the forwerd portion of the wing. Therefore,
to indicate the delsy in air-flow seperation that was obtained with the
different leading-edge configurations, the CLmax'B are summarized
below:

Sx | Leading-edge configuration Clypex|e for Crpax

09 | Undeflected lesding-edge 1.60 13.0
flsp (plein wing)
30°| Plain leading-edge flap 1.78 16.1
40°} Plein leading-edge flap 1.78 16.1
0° |Leading-edge area suction | 2.23 25.54

(plain wing, ref. 1)
40°| Leading-edge area-suction | 2..4k% 29.5

flap
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These data indicate that ailr-flow separation from the leasding edge of
the wing was delayed to a higher angle of attack by the application of
area suction to the knee of the 40° nose flap than by the application
of leading-edge area suction. In addition, the peak surface pressure
coefficlents over the knee of the leading-edge flap were much less nega-
tive than those at the leading edge of the undeflected nose flap at the
same angle of attack (fig. T(v)).

The force charadterlstics for the model with the leading-edge area-
suction flap presented 1n flgure T are representative for all the free-
stream veloclties that were tested. Tn addition, they are representative
for all porous openilrigs of l-l/é Inches or greater, provided that the
flow coeffilclents were equal to or greater than C for the respec-
tive openings. For these porous-area conflgurationa, the maximum 1ift
coefficient, Cr,,y, was limited by separation of the alr flow from the
leading edge of the deflected nose flap. Therefore, it would be expected
that separation could be delayed to a higher angle of attack, if desilred,
by increasing the deflection of the nose flap. It waes felt that lincreas-
ing CILgpgx DPY increasing the nose-flap deflection on this 35° swept-wing
model would be of no practical importance because of the high angles of
attack encountered., However, on winge with greater sweep aengles or with
thinner airfoll sectlons, 1t may be necessary to use a larger deflection
on the leading-edge area-suction flap to obtain the desired delay in
air-flow separation.

Observation of the pressure distribution indicated that the loss in
1ift and slight increase in drag at angles of attack below O° resulted
from air-flow separation from the lower surface of the deflected leading-
edge flap, Deflecting the leading-edge flap slso resulted in a shift in
the pitching-moment curve becsuse of the rearward movement in the center
of pressure (fig. 7(b)).

Suction requirements.- The suction requirements for the full-span
leading-edge area-suction flap deflected 4Q° with porous-area configura-
tion 1 (table II) are given in figure 8 for free-stream velocities cor-
responding to wing loadings of 40 and 60 pounds per equare foot. (It
wlll be shown later that the lowest flow requirements for the full-span,
leading-edge, area-suction flap of this investigatlon were obtalned with
this porous-area configuraetion.) Corresponding valuee for full-span
leading-edge area suction (ref. 1) are also presented in this figure.
The comparison of suctlon requirements ls summerized on the following

page:
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W¥/S = 40 pounds per square foot

Leading-edge aree-suction Leading~edge area suction
" flep, &g = 4o (plain wing, ref. 1}
a CL Qs
ft/sec Measured Measured
Coerit| Pp suction, Suﬁgon, CQerit| Pp | suction, Suction,
hp hp b
17.2{1.83 136 | 0.00C22| -6.2 3.7 1.9 0.00051 [=19.4 36.4 23..7
21.3]2.07| 128 .000ko| 7.5 7.0 3.9 .00081(-30.0] 63.3 36%0
23.4kf2,17] 125 - -] - - - - - - .00101 |-38.0 97.6 5.k
25.4[2.27( 122 .00062 [-10.,1 11.5 6.8 S M -

29.5{2.4k| 117 .00122{-15.3 38.8 19.3 R O S - -

W/S = 60 pounde per square foot

17.2[1.83} 166 | .00026} -6.0 6.7 k1 | .00061|-19.8| T7.9 43.1
21.3{2.07 156 <00035( -T.4} 10.5 6.2 .00088}-31.4 | 1T1.0 9.0
25.4j2.27| 149 | .0006L| ~9.7| 23.% 2.4 ) I BT e
29.5|2. 40 ] 1L .00118]-1k.5 67.0 3.7 SO (O . -

1Suction horsepower is egual to the measured suctlon horsepower minus
the pump loss and duct loss which are listed in table IV for the
leading-edge area-suction flap (LO°).

For a given angle of sttack, the power required to mailntaln unseparated
flow on the wing with the leading-edge area-suction flsp was only about
one-tenth of that required for leading-edge area suction. This reduction
in power was caused by the less negative pumping-pressure coefficient

and lower flow coefficient which resulted from the much lower negative
surface pressure coefflcilient and less adverse pressure gradient at the
knee of the nose flap (fig. 7(b))}. It should be noted that the Clggy
for the leading-edge area-suctlon flap (40°)} wes higher then the Clmax
for leading-edge area suctlion. If the Cr,gx Ffor these two methods of
boundary-layer control had been the same, a more equiteble comparison of
suction requirements would have been obtalned. Egqual CLmax's could
have been obtained by reducing the deflection of the lesding-edge flap
to reduce the Clg.y or by increasing the chordwise extent of the porous
opening for leading-edge area suctlon to increase CIpgy (ref. 2). 1If
either of these two chenges had been made, the advantage of using a
leading-edge area-suction flap from the standpoint of suction require-
ments would have been even greater than that shown in the preceding
table and in figure 8. The suction requirements for the 55° trailing-
edge area-suction flep, when used in conjunction with the nose flap, are
glven in tsble V.

The verlation of 11ft coefficlent with flow coefficient for the
leading-edge area-suction flep deflected 4OC is shown in figure 9 for
L L e
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several angles of attack, These variastions are shown for porous-area
configuration 1 (table II) at free-stream veloclties corresponding to a .
wing loading of 40 pounds per square foot. The reflexes in the curves
near CQ..i4 (fig. 9) occurred becsause the pump was operating at a con-
dition from which a large decrease in pressure ratlo (caused by collapse
of external peak pressures) at approximately constant speed resulted in

an increased flow quantity. It was noted previcusly in Test Procedure
that above 24° angle of attack, the flow could not be reattached by
increasing the flow coefficient; this hysteresls 1s also shown 1n fig-

ure 9, An airplane utilizing a leading-edge area-suction flsp could
maintaln unseparated alr flow by maintaining the flow coefficlent above
Cchit as the angle of attack was increased; therefore, the Cr,,, of
thls flap could be attained. However, if the angle of attack is increased
beyond the angle for..Clmgx, the alrplane would stall abruptly. To per-
mit recovery from this stall, the angle of attack would have to be

reduced to 24° or less; at this lower angle of attack, the air flow could
reattach because of the excess flow coefficient available due to the

lower CQ.p at this angle. Generally, the stall recovery of an
operational airplane entails a reduction in angle of attack; therefore,
the hysteresis encountered with the nose flap would probably not result

in any unusual operatlonal probleme. However, at the present time, 1t -
18 not possible to determine the acceptebility of the stall character-
istics of an airplane from wind-tunnel tests alone.

The shapes af the curves presented 1n figure 9 and the chrit
were affected by the position and chordwlise extent of the porous opening.
However, the 1ift coefficient at Cch wae unchanged at angles of
attack below CLmax " The CIm was e seme for all chordwise extents
of 1~ 1/2 inches end greater; for a chordwlse extent of 3/h inch (con- )
figuration 9), the Clmax Wwas reduced to 2.35. The verlation of the .
Cch with position and chordwise extent of porous opening is shown in -
figure 10 for several angles of attack and for & Tree-stream velocity of
145 feet per second, For the porous configurations tested, the lowest
flow coefficlents and plenum-chamber pressure coefficients were obtalned
with the forward edge of the opening at the reference line and & 2-1/2-
inch opening along the full span (porous-ares configuration 1). Decreas-
ing the opening at the root while maintaining the 2-1/2-inch opening at
the tip (configurations 10, 11, and 12, table II) did not result in & L
further reduction of the flow coefficients. It should be noted that
above 16° angle of attack, the peak external pressures were 1/2 to
1 inch forward of the reference line. Since only one felt design was el
tested, and since this one had a constasnt thilckness forward of the
reference line, the CQerit might be reduced by further tests with
additional felt designs. In addition, these tests might indicate an
optimum opening with the forward edge closer to the locatlon of the peak S
external pressures. In the present investigation, it was found that the
Cchit for a given configuration and angle of attack did not vary with

free-stream velocity in the range tested (112 to 166 fps). In addition, .

D —— e ]

TR TR E.
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the required plenum-chamber pressure cogefficient for a given angle of
attack did not vary in this range of free-stream velocities. Conse-
quently, for a given angle of attack, the suctlon power required for

the leading-edge area~-suction flep was proportional to the cube of the
free-stream velocity for the velocity range investigated (112 to 166 fps).

Pressure distributions.- The chordwise pressure distributions for
the model having a U400 leading-edge flap and a 55° trailing-edge area-
suction flap are shown in figure 11 at four spanwise gtations for several
engles of attack. These distributions are typical for all chordwise
extents of porous area of 1-1/2 inches or greater. Below 16° angle of
attack, applying area suction gt the knee of the nose. flap 414 not
affect the pressure distributions. By compasring the peak negetive pres-
sures for the 85-percent spanwise station at 250 and 29° angle of attack
(figs. 1i(e) and 11(f)), it can be seen that the air flow has started to
separate from the leading edge of the wing at 29°. At 30° angle of
attack, the peak pressures at the leading edge and knee have collapsed
at all four pressure stations as the air-flow separation has spread over
the entire wing.

The section-lift curves shown in figure 12 were obtained by the
integration of the chordwise pressure dlstributions.

Effect of Trailing-Edge Area~Suction Flsp on Characteristics of LO©
Full-Span lLeading-Edge Ares-~Suction Flap

Force charscteristics.- Three-component force data for the 35°
swept-wing model with the full-span leading-edge srea-suction flap
deflected 40O° and an undeflected trailing-edge flap are presented in
figure 13. 1Included for comparative purposes are data for the same
suction noge flap with the 559 trailing-edge area-suction flap. It is
geen that the angle of attack for Cp was not affected by the

trailing-edge flap, and that the 55° trailing-edge area-suction flsp
provided & large increment of 1ift throughout the angle-of-attack range.
Comparison of the slope of the section-lift curves (fig. 12) at the
trailing-edge-flap stations (2y/b = 0.25 and 0.45) with those for the
unflapped statians (2y/b = 0.65 and 0.85) indicates a decrease in
trailing-edge-flap effectiveness with increasing angle of attack. This
decrease can also be noted in figure 13 by comparing the trailing-edge-
flap 1ift Increment at low angles of attack with that at high angles of
attack. Since this trailing-edge-flap 1ift increment was equal to that
reported in reference 1 for the unflapped lesding edge, the effectiveness
of the trailing-edge area-suction flap was not altered by deflecting the
leading-edge flasp. This substantiates the previocusly noted observation
that the loss In 1ift and slight increase In drasg at negative angles of
attack were due to sir-fiow separation from the lower surface of the
deflected leading=-edge flap.
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Suction requirements.~ The suctlon requirements for the 40° leading- o
edge area-suction flap with an undeflected trailing-edge flap are given -
in figure 14. Included for comparative purposes are the suction require- -
ments for the same leading-edge flap with the 55° trailing-edge area-
suction flap. Thede suction requirements are presented for a wing load-
ing of 40 pounds per square foot. A comparison at equal 1ift coeffi- -
ciente shows that the suctlon requirements for the nose flap of the
model with an undeflected trailing-edge flap were greater than those for
the model with the 55° trailing-edge area-suction flap. These larger
suction requirements resulted from the more negative surface pressure
coefficients caused by the added angle of attack required to produce an
amount of 1lift egual ta the trailing-edge-flap 1ift increment. A com-
parison at equal angles of attack indicates that the suction require-
ments for the nose flap of the model with an undeflected trailing-edge
flap were less than those for the model with the deflected tralling-edge
flap. This reduction in suctlon requirements resulted primarily from
the less negative surface pressure coefficilentg over the entire upper
surface of the wing whén ﬁhe"deflectiOQQQfmthe trailing-edge flap was

reduced.

Full-Spen 40° Leading-Edge Flap With Partial-Span Suction and
Partial-Span 40° Leading-Edge Area-Suction Flap, Both With
55° Tralling-Edge Ares-Suction Flap .

Although the necessity of having a pitch-down moment at Clmax to
have acceptable stall characterlstics 1s. open to gquestion (ref. 8), a
limited study was made to determine if a Ffavorable change in piltching
moment at Crpoy could be obtalned by applying partiel-span area suction
to the full-span or to & partlsl-span nose flap. The results of this
limited study of the full-span and partial-span nose flap are presented
in figures 15 and 16, respectively. Although changes in the pitching
moment were produced, none of the modifications resulted in a pitch-down
moment at Clpmax: :

As was noted in references 1 and 2 for leading-edge ares suction,
a lower CLmax was incurred by using partial-span suctlon on the nose
flap rather than full-span suction. In the present test it was found
that the CQc t for partial-span suction at 8 1ift coefficient of 1.83
wasg about the same as for full-span suction.. At 1lift coefficilents of
2.07 and 2.23, chit for partial-span suctlon was sbout 0,000l less
than for full-span suctlon, Large changes in flow coefficient above
Cchit did not change the pitching-moment coefficient.
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CONCLUDING REMARKS

In this investigation of a 35° swept-wing mogel the aerodynamic
characteristics and suction requlrements of & leadlng-edge area-suction
flap deflected 40O were determined. These characterietics-and require-
ments were compared with those obtained for leading-edge area suction
(erea suction applied to the leading edge of a plaln wing) in = previous
investigation on the same model. This comparison showed that a com-
parsble delay in slr-flow separetlon from the forward portion of the
wing was obtained with the leading-edge area-suctlon flap and that the
power reguired to obtain a glven 1ift coefficient was only one-tenth af
that required for lesding-edge area suction. This large reduction in
power resulied from the lower flow coefficients and less negative plenum-
chamber preéssure coefficients, each belng sbout one-third of those
required for leading-edge arees suction.

The 40° leading-edge area-suction flap delayed the air-flow separa-
tion from an angle of attack of 13° to 250 (from a 1ift coefficient
of 1.60 to 2.27 when used with a 55° trailing-edge area-suction flap)
with & flow coefficient of 0.0006 and 23 horsepower (including duct and
pump losses) at a free-~stream velocity of 149 feet per second. Approxi-
mately doubling the flow coefficient snd suction pressure coefficient
delayed the air-flow separation to 29° angle of attack. It was found
that at a given angle of attack the flow coefficient and plenum-chamber
pressure coefficients were not affected by free-sireem velocity within
thé range of velocities tested (112 to 166 fps). Consequently, the
suction power requlred at s given angle of attack varled with the cube
of the free-stream velocity.

Deflecting the leading-edge flap did not alter the effectiveness of
the trailing-edge area-suction flap. However, the suctlon requirements
of the leading-edge flap for a given lift coefficlent were reduced by
deflecting the trailing-edge flap.

No lerge improvements in the pitching-moment coefficlent at C
were obtained by applying partlal-span asrea suction to the leading-edge
flep., However, a large reduction In Crp,, was incurred by applying
partisl-span suction.

Ames Aercnautical Leboratory
Nationael Advisory Committee for Aeronautics
Moffett Field, Calif,., Oct. 26, 1953
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TABIE I.- LOCATION OF SURFACE PRESSURE ORIFICES FOR MODEL
WITH 40° LEADING-
[ Position of orifices,® ¢

E FLAP AND
i

1 T

55°
ordy

TRATLING
rige perc

-EDGE FIAP

Upper surface Lower surface
Orifice 0.65 0.25 0.65
number 2'72’ 2'72’ and 0.85, { end 0.45, | and 0.85,
Y Y 2y /o 2y/o 2y /b
1 0 0 0 _— —
2 .19 .63 .19 1.2 1.2
3 .90 .90 .63 1.6 2.3
4 2.5 2.5 .90 2.3 3.6
5 4.3 3.4 3.4 3.0 11.7
6 6.1 4.3 4.3 3.6 20.0
7 6.3 6.1 6.1 4.1 40.0
8 7.1 6.5 6.5 6.8 60.0
9 7.9 8.1 7.2 9.3 80.0
10 8.7 9.0 8.1 11.7 97.5
11 9.6 | 10.0 9.1 15.0 -—
12 10.6 | 10.9 9.9 20.0 -—-
13 11.5 |} 11.9 11.1 30.0 _—
ik 12.5 | 12.9 2.1 40.0 -—
15 15.0 | 20.0 13.2 60.0 —-
16 20.0 | 30.0 20.0 70.0 -
17 30.0 | 0.0 30.0 75.0 -
18 0.0 | 50.0 40.0 80.0 _—
19 50.0 | 70.0 60.0 88.0 -—
20 60.0 | 75.0 70.0 93.2 -—
21 70.0 | 80.0 80.0 98.0 -——
22 75.0 | 82.1 90.0 -— —
23 80.0 | 83.0 97.5 - _—
oh 84h.0 | 8k.0 — -— -—
25 84.4 | 84.h ——— _— ——
26 8s.8 | 87.0 - - -—
27 85.4 | 91.0 —— -_— _—
28 85.7 | 95-0 -—— -— ——
29 87.0 | 99.0 - - —
30 91.0 — -— -_— —
31 95.0 — —_ - --
32 99.0 - _— -— -—
lorifices omitted:

0.65 2y/b upper 16
- 0.25 2y/b lower

5, 12’ 15
0.45 2y /b

lower 3

LR

1T
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TABLE II.- POSITIONS AND CHORDWISE EXTENTS OF POROUS AREA TESTED

40° lLeading-Edge Ares-Suction Flap

Porous-area Position Extent of chordwise opening

configuration | of forward | Opening at 2y/b = 0.10 | Opening at 2y/b = 0.9§

number edge,® in. InchegP x/cC InchesP x/cC

1 0 2-1/2 0.025 2-1/2 0.045

2 1/2 2-1/2 .025 2-1/2 .046

3 1 2-1/2 .026 2-1/2 04T

L -1/2 2-1/2 .024 2-1/2 .0kl

5 -1 2-1/2 024 2-1/2 oL2

6 -1/2 L NeZle L .072

T o} 3-1/2 .035 3-1/2 .06k

8 0 1-1/2 .015 1-1/2 .027

g o} 3/4 007 3/4 .013

10 0 1-1/2 015 2-1/2 045

11 0 3/4 .007 2-1/2 .045

12 0 0 0 2-1/2 .045

55° Trailing-Edge Area-Suction Flap

Porous-ares Position Extent of chordwise opening
configuration | of forward | Opening at. 2y/b = 0.14 | Opening at 2y/b = 0.50
a
nuaber edge,™ in. InchesP x/c® Inches? x/cC
4 (ref. 1) 2-1/2 2-1/2 0.016 2-1/2 0.020

8Measured normsl to reference line along wing surface (positive is toward
trailing edge) : '

Measured from forward edge normal to reference line along wing surface,
in. . .

CRatio of local streamwise opening to local streamwise chord Hach,



TABIE XII.- MODEL CONFIGURATIONS TESTED AND TE3T CONDITIONS

QArECY WI VOVN

lesding-edge flap Treiling-edge flap
- Spanwige extent | Spanwise extent Chordwvise Chordwise U W/s
Eumber By, of flap of porous ares porous-area 8, | porous-area ft/g::c lb/u{q,ft
deg | Inboard,| Outhoard,| Inboard,| Outboard,| configuration |deg |configuration
ey/b | 2y/v ey/o | 2yfb (table IT) (table II)
T 0 —-—- - - “—- none 55 L
7 30 0.10 0.96 -—— ——— ~do- 55 | L
ko .10 .96 ——- —_— -do- 55 4
ko .10 .96 0.10 0.96 1 55 4
Lo ,10 .96 .10 .96 1 55 b
40 .10 .96 10 96 1-12 55 L
ho .10 .96 10 96 1-12 55 h
(6, 10-12 tested
but not shown)
4o .10 .96 10 .96 1 0 ——
40 .10 .96 .25 .56 1 55 N
40 .10 .06 .45 .96 1 55 b
Lo +53 .56 - -— none 55 4
40 .53 .96 .53 .96 1 55 4

6T
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TABLE IV.- DUCT AND PUMP LOSSES FOR 40° LEADING-EDGE AREA-SUCTION FLAP
USED WITH 55° TRAILING-EDGE AREA-SUCTION FLAP

W/S = 40 pounds per square foot

Uo Duct |Pump }Measured
°L ft/;ec Fay loss,| loss,| suction,
hp hp hp

1.83 | 136 -6.1| © 1.8 3.7
2.07 | 128 -7.h}) © 3.1 T.0
2.27 | 122 9.9 31 bk 11.5
2.4k | 127 |-1bk.7{ 1.7 |27.86 ] 38.8

W/S = 60 pounds per square foot

1.83 | 166 -5.9] 0 2.6 6.7
2.07 | 156 -7.3] © 4.3 10.5
2.27 | 1ko -9.5] .4 }j10.6 ] 23.4
2.4 | 144 }-13.8] 3.5 |30.8 } 6T.0

TABLE V.- FLOW REQUIREMENTS FOR 55° TRAILING-EDGE AREA-SUCTION FLAP
USED WITH 40° LEADING-EDGE AREA-SUCTION FLAP

W/S = 40 pounds per square foot

Uos Measured
°L |et/sec| % | PP |suction,

2.07] 128 |0.00035f-3.0 3.5
2,271 122 .0004k0| 2.9 2.9
2.4 117 .00035{~2.7 2.2

W/S = 60 pounds per square foot

2.07{ 156 }0.00033}-2.8 k.6
2.27] 149 .00037}~2.6 h.1
2.4 ] 1hk .00045}-3,0 b9

N1 v
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The 350 sweptback-wing model with the leading~edge and

Flgure 1

trailling-edge flape deflected.
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S
Four pressure 6556 Q
orifice statlons i S
! ¥
i 1
' |
)
1 Wing
Sweep as* oo’
Aspect ratio 4.785
Taper ratio 513
p] Twisf z* 00
Q Dihedral 3°00'
. € preg 28758 sqft
Horizontal tait
d Sweep 35° 00’
. Dihedral 1o° oc
All dimensions in faef - Area " T T T T T 3474 sqg Tt —
unless otherwise noted
Fuselage

Finenass ratio 1155
Radfus ot station «

1840(1-( 5% 1)) 1t

Figure 2.- Geometric characteristicas of the 35° swept-wing
model with undeflected flaps,
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Section-8-5

lap hinge line &
Reference line
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inge line

Yeference fine

\
AY

eference lina
Porous surface

e _fuseloge € .

Section A-A

Figure 3.- Detalls of the flapped portions of the wing.
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Wool! felt thickness ,t, inches

NACA RM A53J26

/
o-/ o / 2 J 4 S
40 2y/b to .55 2y/b
/
0—/ (7] / 2 3 4 )
y .55 2y/b to .80 2yrb
0—/ o / 2 3 4 5
80 2y/b to .86 2y/b
/
-/ 0 / 4 3 4 S

Surface distance behind reference line, inches

Figure 4.~ Thickness variations of the felt backing used in the 4o°
leadling~edge area-suction flap.

——



43

NACA RM A53J26

400

W
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Q

W
N
Q

N
Q

240

160

N
Q

Pressure drop across surface, Ap, pounds per square foot
®
3 3

A
Q

25

Hard wool feltused in 40°
leading-edge suction ﬂap-\

A

e

/ i ) /
' - *\-.S‘aﬂ wool felt used in 55°
frailing-edge suction flap
‘j’!‘;’r’
/ 2 3 4 5 6 rd &

Suction air velocity, w, feet per second

Figure 5.- Calibration of suction air veloclties for the porous metal

sheet backed with 1/2-inch wool felt material.
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(b) The 55° trailing-edge area-suction flap.,

Figure 6.~ Close-up of the deflected flaps,
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Figure 7.~ Comparison of the aerodynamic characterietics of the model having leeding-edge flaps

with those of model having leading-edge area suction; 55° tralling-edge area-suction flap.
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(v) Chordwise Pressure distribution at 0.85~-semispan station,

Flgure T.- Concluded.
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Figure 8.- Comparison of suction requirements for model having the Pull-span 40° leading-edge
area-puctlon flap with those for model having full-span leading-edge srea puctlon;
55° trailing-edge area-suction flep; W/S = 40 and 60 pounds per square foot.
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2.4 AN
/\ Lo romor—edLto
' \
2.2 \ ‘\
R JEEY \
C. 2.0 \ 1
\‘ \ | a, deg
) —o\—+—o “ 17.2
1.8 \ ~
\
\

2.6

: ©
_ o 2/.3
f E] \ o 254
\ s 29.5

16 o \

L : o
=o—

1.4 A v :
——] Increasing Cg, with
initially separoted flow

L2

o 0002 0004 0006 .0008 .00I0 .00/2 .00/4 .006 .00/8
Cay

Figure 9.- Varlation of 1lift coefficient with flow coefficlent for the
4o° leading-edge area-suctiorn flap with porous-area configuration 1;
55° trailing-edge areas-~suction. flap; W/S = 40 pounds per square foot.
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Flgure 10.~ Variastion of the eritical flow coefficient wilth position end extent of porous surface

on the 40° leading-edge area-suction flap; 55° trailing-edge sres-suction flap; U, = 145 feet
per second.

L
)




32 SR— NACA RM A53J26

|

x/¢

(a) @ = 4.4° (no porous area on the lesding-edge flap).

Figure 1l.~ Chordwise pressure distributions for the model having the
full-span 4O° leading-edge flap and the 550 tralling-edge area-
suction flap,
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(b) @ = 13.0° (no porous ares on the leading-edge flap)

Figure 11,- Continued,
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N

9

(¢) o = 17.2° (with area suction on the leading-edge flap)

Figure 11.- Continued.
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x/c
(8) @ = 21.3° (wilth area suction on the leading-edge flap).

- Figure 11,.,~ Continued.



36

S NACA RM A53J26

25,4° (with area suction on the leading-edge flap).

FPigure 1l.- Continued.
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,L"'
o 2 4 6 & [0
x/¢c

(£) « = 29.5° (with area suction on the leading-edge flap).

Figure 11,- Concluded.
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Figure 12,- Varistion of section 1ift coefficients with angle of attack
for the model with the L40° leading-edge area-suction flap and the
550 trailing-edge area-suction flap. T '
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Figure 15.~ Aerodynamic characteristics of model with partiel-spen area suction on full-span 40°
leading-edge flap; chordwlse porous-ares configuration 1; 55° trailing-edge area-sucticn

flap.
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Figure 16.- Aerodynemic charscteristics of model with various leading-edge flape; 55° tralling-

edge area-suction flap,
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